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SECTIOM  1.0 
INTRODUCTION 


1.1  Descrip'klon  of  the  Problem 

The  purpose  of  the  Fiber  Optic  Cable  (FC^)  Quick 
Connect/Disconnect  (QCD)  Mechanism  development  is  to  define 
requirements  and  subsequently  design  and  fabricate  a  QCD  for  a 
coherent  FOC.  This  study,  the  Phase  I  Feasibility  Study,  describ 
the  basic  aircraft  layout  of  potential  FOC  systems  and  then 
develops  and  evaluates  quick  disconnect  mechanisms  for  a  variety 
of  Heads-Up  Display  (HUD)  system  configurations 

rapid  egress  from  an  airplane.  The  FOC  is  used  to  transmit  Y 

or^  symbology  from  a  video  generation  device  to  various  Helmet 
Mounted  Display  (HMD)  configurations  in  high  performance  aircraft. 
HMDs  may  be  stand-alone  units  or  integrated  into  an  aided  viewing 
device  as  a  type  of  HUD.  A  crewman  must  be  capable  of  rapid 
egress,  which  includes  both  ground  egress  and  ejection,  while  the 
FOC  is  attached  to  the  HMD;  in  addition,  the  crewman  must  have  free 
and  unimpeded  movement  while  performing  his  mission. 

1 . 2  Study  Approach 

1,2.1  Background 

Fiber  optics-based  HUD  systems  are  currently  in  use  with 
Army  and  Air  Force  helicopters  and  the  Air  Force  B-52,  providing 
symbology  type  information  into  the  AN/AVS-6  Night  Vision  Goggle 
(NVG) .  Figure  1-1  shows  a  basic  block  diagram  for  one  of  Systems 
Research  Laboratorie • s  NVG/HUD  configurations  from  the  data 
generation  point  to  the  crewman's  display.  In  this  configuration, 
the  desired  aircraft  data,  Terrain  Following/Terrain  Avoidance 
(TF/TA)  information,  etc.,  are  projected  on  the  end  of  ^  f ^ 
element  FOC  which  coherently  conducts  the  image  to  the  HUD  input 
optics.  The  present  system  thus  has  a  single  solid  FOC  with  two 
connectors;  a  quarter-turn  electrical  type  connector  at  the  VSD 
(CRT)  end  and  a  sliding  fit  with  ball  detents  at  the  HUD  end. 
major  factors  make  this  configuration  unsuitable  for  high 
performance,  ejection  seat  configured  aircraft. 

The  AN/AVS-6  is  not  ejection  compatible  and  has  a  large 
moment  of  inertia  which  exerts  excessive  neck  loads 
during  high  Gs. 

The  FOC  is  not  readily  separable  from  the  crewman  for 
rapid  ground  egress  or  ejection.  Both  routing  of  the  FOC 
and  FOC  connector  configurations  affect  emergency  egress 
suitability. 


1. 


2. 


1 


Although  HUDs  for  NVGs  are  used  as  FOC  QCD  candidates 
throughout  this  report,  it  should  be  made  clear  that  any  type  of 
HMD,  utilizing  symbology  or  imagery,  is  equally  applicable  to  this 
technology. 

The  ejection  compatible,  close  to  the  face  center  of 
gravity  NVG  requirement  has  several  candidate  solutions,  including 
the  Eagle  Eye®  and  Merlin  NVGs.  Both  of  these  NVGs  have  HUD  ports 
that  are  compatible  with  the  present  SRL  FOC.  However,  at  this 
time  there  is  no  FOC  with  the  requisite  rapid  egress/ ejection 
characteristics  to  provide  HUD  symbology  or  imagery  to  the 
candidate  NVGs.  This  study  arose  from  the  requirement  to  supply 
such  a  compatible  cable  with  optimized  interface  to  the  WG,  the 
crewman,  the  ejection  seat,  and  aircraft  cockpit.  Reflecting  true 
system  impact,  each  cable/quick  disconnect  configuration  has 
potential  effects  on  all  other  components  of  the  HUD  subsystem, 
crewman,  and  airplane. 

1.2.2  Study  Elements 

Major  components  of  the  FOC  QCD  study  include  review  of 
ejection  seat  environment,  HUD  system  definition  and  associated  FOC 
routing,  crew/ seat /helmet  interoperability,  and  detailed  design  and 
evaluation  of  QCD  candidates.  A  set  of  aircraft  candidates  for 
Eagle  Eye®  and  Merlin  were  selected,  and  their  cockpit  and  ejection 
seat  configurations  documented.  The  candidate  aircraft  are: 


Aircraft 

Seat  Type/Angle 

Number  of  Crew  (with  Ejection  Seats) 

A- 10 

ACES  11/17° 

1 

B-52 

Martin-Baker 

2 

F-15 

ACES  11/17° 

1 

F-16 

ACES  11/34° 

1 

Due  to  the  limited  availability  of  aircraft  cockpits  or 
accurate  mockups,  only  the  B-52  and  F-16  were  examined  in  detail. 
This  is  reasonable  since  the  F”16  uses  the  Aces  II  seat,  the 
standard  for  all  new  U.S.  Air  Force  high  performance  airplanes,  and 
the  B-52  must  be  analyzed  separately  since  it's  ejection  seat, 
configuration,  and  size  differ  totally  from  the  other  candidates. 
Performing  detailed  installation  analysis  of  candidate  HUD 
electronics,  FOCs  and  QCDs  on  all  the  potential  high  performance 
airplanes  is  beyond  the  scope  of  this  investigation  and  is  not 
necessary  to  design  a  universally  adequate  QCD. 


3 


Details  of  the  B--52  and  F-16  ejection  seat^  cockpit,  and 
crew  interface  were  compiled  to  provide  the  framework  to  evaluate 
both  functionality  of  the  HUD  system  within  the  aircraft  and  the 
candidate  QCD  mechanisms  developed »  Detailed  photos  and  three 
views  of  the  Martin-Baker  and  Aces  II  seat  were  obtained,  and 
visits  to  cockpits  and  mockups  at  WPAFB  were  madeo  Various  USAF 


in  th 
d  egr< 
overe 
dard 

would  not  be  desirable  or  even  possible  in  the  high  performance 
aircraft^  the  much  more  spacious  B“52  cockpit  is  at  present 
configured  with  standard  size  VSD  units.  With  this  condition 
established,  the  VSD  design  concept  for  this  study  was  amended  to 


reliability,  maintainability,  technology  risk,  manufacturability, 
and  advantages / disadvantages o  Four  top  candidates  were  chosen  for 


fabrication  and  test  in  Phase  II  of  this  effort.  A  Level  II 
functional  design  drawing  set  of  the  recommended  configuration  was 
then  completed.  At  the  conclusion  of  the  study,  a  Phase  II 


fabrication  and  test  program  was  developed  for  the  optimum  QCD  and 
FOC  configurations. 


SECTIOH  2.0 

REQUIREMENTS  AMD  DESIGN  GOALS 


2.1  Ejection  Seat  and  Cockpit  Environment 

The  F-16  cockpit  available  during  the  study  did  not  have  an 
Aces  II  seat.  However  Aces  II  seat  data  was  available  from  the 
manufacturer  to  visualize  the  differences.  Figure  2-1  J^ows  the 
seat  from  the  right  side  of  the  cockpit.  From  this  photo,  space 
behind  the  seat  can  be  observed  in  which  a  Video  Graphics  Generator 
(VGG)  could  be  located.  Then  with  a  bracket  mounted  to  the 
aircraft,  or  mounted  to  the  side  of  the  Aces  II  ^ 

miniaturized  VSD  could  be  placed  just  behind  and  to  the  ^?-9ht 
the  pilot's  hip.  This  would  provide  a  convenient  location  and 
permit  the  use  of  a  relatively  short  FOC.  A  VSD  control  unit  is 
required  which  allows  the  pilot  to  select  what  information  he  would 
like  displayed  to  the  HUD,  and  control  the  image  brightness. 

A  HUD  candidate  space  that  would  be  convenient  to  reach  and 
operate  was  investigated  but  none  was  found.  Figures  2-1  &  2-3 
show  the  left  side  of  the  F-16  cockpit  which  is  very  busy.  Figure 
2-2  shows  the  right  side  of  the  cockpit  which  also  appears  well 
utilized.  Figure  2-4  shows  the  front  area  of  the  cockpit  but  no 
unused  space.  Figure  2-5  shows  the  top  portion  of  an  Aces  II  seat. 
A  tape  measure  on  the  seat  cushion  indicates  the  approximate 
location  of  the  pitot  tubes.  The  photo  indicates  34  inches 
the  cushion  which  is  very  near  the  height  of  the  HUD  port  on  a  95 
percentile  pilot.  This  is  important  in  our  cable  routing  to  avoid 
interfering  with  the  air  flow  to  the  pitot  tube  during  ejection  on 
the  ACES  II  ejection  seat. 


5. 


Potential  space  behind  seat  for  VGG  Unit.  With  special 
bracket  VSD  could  be  mounted  at  right  side  of  seat. 


Right  side  of  FI  6  cockpit  found  no  space  for  VSD 
control  unit. 
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Aces  II  seat  pitot  tubes  located  34  inches  above  seat 
cushion  close  to  HUD  port  level. 


2.2  Review  of  Fiber  Optic  cable  HDD  System  characteristics 

The  Quick  Connect/Disconnect  Release  Mechanisms  (QCD—RM) 
considered  in  this  feasibility  study  are  based  on  the  generic 
requirements  of  the  SRL  NVG  HUD  configuration.  Figure  1-1  showed 
the  functional  elements  of  the  system  but  it  is  important  to 
consider  the  actual  hardware  to  be  used  if  practical,  flight  worthy 
QCD-RM*s  are  to  be  designed  for  high  performance  aircraft. 
Recommended  modifications  and  improvements  to  the  baseline  system 
will  be  discussed  in  the  following  as  requirements  dictate. 
Previously  designed  equipment  was  built  for  large  helicopters  and 
large  fixed  wing  airplanes  such  as  the  C-130  and  B-52.  Size  and 
space  constraints  were  not  of  the  same  magnitude  as  in  fighter 
aircraft  such  as  the  F-15  and  F-16.  Figure  2-6  illustrates  the 
actual  electronic  and  video  hardware  required  to  produce  a  HUD 
image  in  the  present  system.  Note  that  this  is  a  two  display 
system,  with  separate  pilot/co-pilot  controls  on  one  control  panel 
and  two  CRT's  interfacing  with  separate  FOC's  on  the  single  VSD 
Unit, 


Aircraft  inputs  to  the  VGG  may  be  either  interfaced  to  the 
individual  sensor  such  as  the  airspeed  transducer  or  onto  the  1^53 
A/B  Bus  accessible  to  all  transducers.  Most  modern  aircraft, 
including  the  F-16,  use  a  1553X  Bus  with  the  very  great  advantage 
that  HUD  interfacing  becomes  primarily  a  software  task.  At  the 
output  end  of  the  present  system,  a  robust  FOC  coherently  transmits 
the  VSD  image  to  the  head  mounted  HUD  which  can  be  a  stand  alone 
unit  mounted  on  the  helmet  or  a  display  integrated  with  a  night 
vision  device.  As  described  in  section  1.2.1,  the  SRu  FOC  was 
originally  designed  to  mount  on  the  AN/AVS-6  but  has  subsequently 
been  interfaced  with  the  Eagle  Eye®  and  Merlin  NVG's.  Basic 
resolution  properties  of  the  present  FOC,  shown  in  Appendix  A,  can 
be  observed  in  some  investigations  accomplished  early  in  the 
prograiti  on  the  potential  for  utilizing  QCD*s  in  the  midd  e  o 
cables.  Image  degradation  across  optically  coupled  cable  breaks 
show  the  resolution  properties  of  the  individual  fibers. 

The  FOC  that  is  supplied  with  the  present  SRL  NVG  HUD  was 
designed  to  withstand  physical  abuse  since  in  a  helicopter 
installation  it  is  in  a  position  to  be  stepped  on  by  the  crew  and 
it  is  frequently  pulled  and  threaded  throughout  the  cockpit  from 
the  VSD  to  the  NVG  HUD.  This  half  inch  diameter  cable  has  several 
layers,  including  an  interlocking  spiral'  case  made  of  stainless 
steel  coated  with  silicone  rubber  and  an  outer  anti-snag 
Cable  lengths  vary  from  86  inches  to  180  inches  in  the  installed 
systems  to  date,  with  average  light  transmission  ranging  from  40% 
to  30%  respectively.  A  more  detailed  description  of  the  present 
FOC  and  a  potential  improvement  in  size  and  flexibility  is 
discussed  in  section  4.0.  The  major  deficiency  in  the  present  FOC, 
for  high  performance  aircraft  use,  is  the  connector  configuration 
at  both  the  VSD  and  goggle  interface.  A  quarter  turn  connector  at 
the  VSD  cannot  be  pulled  straight  off  for  rapid  egress  and  the 
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pull-off  connector  at  the  AN/AVS-6  will  only  release  over  a  limited 
pull  angle.  In  addition,  the  remote  position  of  the  VSD  makes  it 
virtually  impossible  to  avoid  cable  tangling  in  the  cockpit  or  o 
perform  a  clean  pull  on  a  quick  disconnect. 

All  of  the  parameters  of  the  present  AN/AVS-6  HUD  FOC  system 
were  analyzed  in  the  QCD-RM  Phase  I  effort  and  characteristics  were 
modified  to  obtain  a  rapid  egress  capability.  Advantages  of  the 
FOC  system  include  good  resolution,  minimum  on— head  weight,  minimum 
HUD  impact  on  the  NVG,  elimination  of  all  electrical  connections 
and  a  universal  source  of  HUD  information  (i.e.  a  common  VGG/VSD) 
were  retained.  A  QCD-RM  concept  was  developed  which  utilized  the 
best  features  of  the  present  configuration  and  modified  those 
characteristics  which  did  not  support  rapid  egress . 


2.3  List  of  Goals 

The  QCD  must  provide  a  convenient  means  to  interface  a  FOC 
with  the  VSD  and  NVG.  It  must  maintain  good  FOC  to  image  plane 
integrity  under  all  flight  conditions.  The  QCD  must  provide  hands 
off  release  from  the  VSD  during  rapid  egress  and  ejection.  The 
pull  force  for  the  QCD  should  be  within  8-16  pounds  and  this  force 
applied  to  the  pilots  torso  rather  than  the  head.  The  QCD  must 
release  with  a  pull  directed  within  a  40“  cone  or  greater.  The  QCD 
should  have  low  technical  risk,  good  manufacturability,  minimum 
maintenance,  and  a  low  cost. 

The  FOC  should  be  physically  robust,  flexible,  light  weight, 
small  diameter,  sufficient  resolution  for  display,  and  short  as 
possible.  The  free  end  of  the  FOC,  if  tethered  to  the  pilot  s 
harness,  should  be  as  short  as  possible  to  prevent  flailing  and 
designed  to  prevent  snagging  during  rapid  egress  and  ejection.  The 
FOC  should  not  interfere  with  head  and  body  movement,  nor  interfere 
with  seat  ejection  or  seat/pilot  separation.  The  FOC  to  HUD  port 
may  be  accomplished  prior  to  mounting  NVG  to  helmet. 
connection  between  the  FOC  and  HUD  port  must  release  in  case  of 
helmet  loss.  The  FOC  routing  to  the  HUD  port  should  not  disturb 
the  air  flow  to  the  ACES  II  ejection  seat  pitot  tubes. 

During  the  course  of  the  study  it  was  also  determined  that  a 
low  voltage  power  and  video  QCD-RM  was  required  between  the  VGG  and 
VSD  for  selected  VSD  mounting  configurations.  The  technology  for 
the  electrical  QCD-RM  is  similar  to  that  of  the  FOC  version  and  the 
design  has  been  accomplished  for  this  effort. 

2.4  Candidates  QCD-RM  Techniques 

The  initial  list  of  FOC  QCD  techniques  were  mechanical, 
electro— mechanical ,  electro  magnetic,  permanent  magnet,  compressed 
gas  and  explosive.  However,  after  discussing  these  alternatives 
with  Air  Force  personnel  responsible  for  maintaining  this 
equipment,  they  strongly  advised  against  devices  that  require 


13 


be  made  smaller  since  only  a  single  output  unit  is  required.  The 
location  of  the  control  unit  was  not  determined  as  this  would  be 
a  Phase  II  TasJc,  However  the  VSD  location  is  critical  to  the  FOC 
routing  so  it'; 


The  seat  mounted  ¥SD  will  required  three  captive  nuts 
added  to  the  right  side  of  the  ACES  II  seat,  A  standoff  bracket 
for  mounting  the  VSD  would  be  provided.  This  should  not  affect  the 
structural  integrity  of  the  seat.  On  this  mount  the  VSD  connector 
(QCD“RM)  would  be  close  to  the  pilot's  hip;  the  FOC  QCD  would  have 
a  lanyard  which  will  follow  the  cable  routed  under  the  pilot's 
right  arm  and  attached  to  the  pilot's  harness.  The  lanyard  will 


the  air  speed  of  the  seat  and  pilot  should  be  greatly  reduced,  and 

with  a  short  FOC  end  weighing  2  ^ 

flailing  problem.  In  the  event  of  helmet  loss  the  ^  ® 

RM  will  release  from  the  NVGs  due  to  the  inertia  of  the  helmet. 

AiiTCiT^ft  Mounted  Vxd6®  Sysifeolo9^  Display 

A  configuration  figure  2-9  and  2-10  bracket  will  ^e 
designed  to  mount  the  VSD  just  behind  the  guide  rails  for  the 
seat  The  VSD  would  be  positioned  so  the  QCD-RM  and  a  2  ft.  FOC 
Toll’d  bfrouted  along  the^right  side  of  the  seat  under  the  pilot -s 

right  arm.  A  lanyard  attached  to  the  QCD-RM  of^the^teat 

the  pilot's  harness.  A  cover  panel  on  the  right  side  of  the  seat 
mav  be  required  to  eliminate  potential  snagging  on  the  fittings 
?hat  are  present.  A  lanyard  is  attached  to  the  QCD-RM  sleeved  to 
Se  FOC  and  attached  to  the  pilot's  harness.  This 
Dull  the  QCD-RM  free  from  the  VSD  during  rapid  egress  or  ejection. 
^ecLse  of  the  seat  angle,  the  VSD  will  be  mounted  on  a  hinged 
mount  to  insure  a  reasonable  release  angle  ^he  QCD-I^.  The  FOC 

length  will  increase  to  3  ft.,  and  require  tether.  This 

will  increase  the  flailing  problem  because  the  cable  releases  as 
the  seat  is  ejected  from  the  aircraft,  bringing  ^^®  be 

cable  into  the  wind  blast  at  ejection  speed.  The  VSD  may  be 
reconfigured  so  it  could  be  mounted  to  the  aircraft  but  positioned 
so  the  QCD-RM  is  nearly  in  the  same  location  as  the  seat  mounted 
tSs  would  permit  the  use  of  e  2  ft  FOC 
reduce  the  potential  flailing  problem.  This  will  be  further 
analvzed  durinq  Phase  II.  In  the  event  of  helmet  loss,  the  QCD 
RM  at  the  HUD  port  would  release  from  the  NVGs  due  to  the  inertia 

of  the  helmet. 

2.6.3  Pilot  Mounted  Video  Symbology  Display 

Configuration  figures  2— XI  and  2—12 

The  VSD  would  be  mounted  to  the  pilot's  harness.  There 
are  two  potential  VSD  designs.  One  would  have  the  FOC  QCD-^ 
located  on  the  left  side  of  the  VSD  as  shoj^^^  i^^f^'^ure  2-7  and 
another  would  have  the  FOC  QCD-RM  located  at  the 

If  the  FOC  QCD-RM  is  located  at  the  top  it  may  be  possible  to  use 
a  9  3/4  inch  long  FOC.  The  side  mount  would  require  a  24  inch  long 

FOC. 

With  the  pilot  mounted  VSD  configuration  the  low  voltage 
electrical  QCD-RM  would  disconnect  on  rapid  egress  or 
The  VSD  and  FOC  would  remain  with  the  pilot.  In  case  o 
loss  the  QCD-RM  at  the  HUD  port  would  release. 
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LANYARD  TO  PILOT'S 
HARNESS 


LOSS  OF  FIBER  OPTICS  HELMET  INERTIA 

HELMET  CABLE  AT  NVG 


N.V.  GOGGLE 


S  o  0  Qiaisk  G@ffiii®©fe/Dis©@3aa©e'ts  Coaeepfes 


temperature  variations  or  interchangeability  tolerances  between 


TAPERED  MECHANICAL  DETENT 
F.O.  CABLE  COMPLIANT 


3.1  QUICK  COMNBCT/DISCOHHECT  »  COMCEPT  A 

DESCRIPTIONS  Mechanical  detents  hold  in  a  free  releasing  taper 
housing  surrounding  the  FOC  end.  There  is  a  three  pound  spring 
force  on  the  cable  end  to  insure  compliance  of  the  fiber  cable  end 
to  an  image  plane  over  large  temperature  variation.  The  end  of  the 
fiber  cable  housing  has  a  flat  machined  parallel  to  the  square 
fiber  optics  aperture.  This  gives  the  end  a  "D"  shape  which  keys 
the  fiber  optics  image  orientation  to  the  night  vision  goggles. 
The  removable  cable  end  weighs  2  02  •  and  has  a  maximum  diameter  of 

I. 19  inches  and  is  2.85  inches  long  which  is  a  standard  length  end. 

This  configuration  allows  at  least  ±  45®  or  90°  cone  angle  of 
release  pull  with  very  small  difference  in  the  pullout  force  of 

II. 5  pounds.  The  tapered  housing  also  protects  the  detent  fingers 
from  becoming  over  stressed  during  rapid  egress  or  ejection. 

The  detents  should  retain  the  connector  for  greater  than  15g 
forces  in  any  direction.  The  mating  surfaces  and  the  detent 
surfaces  are  coated  with  NITUFF®  a  product  to  increase  lubricity, 
reduce  wear,  and  eliminate  the  possibility  for  crabbing  in  the 
connector . 

To  engage  the  connector  simply  insert  the  FOC  end  into  the 
connector  rotate  to  align  with  the  "D”  hole  and  continue  to  push 
in  to  a  hard  stop  and  detent  finger  engage  cam  surfaces.  To 
release  a  pull  on  the  lanyard  or  fiber  cable  will  release  the  FOC 
from  the  connector.  A  lanyard  is  attached  to  the  fiber  cable 
connector  and  attached  to  the  pilots  harness.  At  rapid  egress  or 
ejection  the  lanyard  will  pull  the  cable  free  from  the  VSD. 
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DUgGEIlf I©lf g  An  Electro-magnetic  connector  X'^rith  a  compliant  FOCo 
This  connector  has  a  3  pound  spring  force  on  the  cable  end  to 
insure  compliance  of  the  fiber  cable  end  to  an  image  plane  over 
large  temperature  variations.  The  end  of  the  fiber  cable  has  a  "D” 
shape  which  keys  the  FOC  and  it's  image  to  a  correct  orientation. 

The  removable  portion  of  the  quick  disconnect  weighs  4  oz  and 
has  a  lo62  inches  diameter  and  a  2.85  inches  length.  This 
configuration  allows  at  least  ±  40°  or  80°  cone  of  release  pullout. 


for  15g  force  in  any  direction.  The  sliding  surfaces  are  coated 
with  WITUFF®  a  product  to  increase  the  lubricity,  reduce  wear,  and 
eliminate  the  possibility  of  crabbing  in  the  connector. 

To  engage  of  the  FOC  end  turn  on  the  electro=”magnet  and  insert 
the  cable  end  with  it's  taper  guide  into  the  magnet  bore,  rotating 
the  cable  to  align  the  "D™  shaped  cable  end  with  the  "D"  shaped 
seat.  To  release  the  cable  end  either  turn  off  the  magnet  and 
freely  remove  the  cable  end,  or  in  an  emergency  egress  or  ejection 
the  lanyard  attached  to  the  pilots  harness  will  release  the  FOC 
from  the  VSD  unit. 

The  mating  surfaces  will  be  coated  v/ith  an  antifriction 
Gating  to  prevent  crabbing  which  could  increase  the  release  force, 
his  will  also  allox^r  a  larger  cone  angle  of  pull  for  releasing  the 
nnec" 


MECHANICAL  DETENT  PULL  TO  UNLATCH 
NONCOMPLIANT 
QCD-RM 


MBCHAMICM.  DBTBMT  PULL  TO  UHLATCH  “■  CONCEPT  C 


NONCOMPLIANT 

DESCRIPTION:  The  FOC  end  is  held  in  place 

detents  which  are  internal  to  the  connector  socket.  /.^®  ®"f 

is  piloted  by  the  cable  end  tip  and  a  ring  which  fit  the  pilot 
diaLter  of  the  socket.  The  detents  are  retracted  inward  with  a 
pull  on  the  lanyard.  An  eight  pound  pull  is  required  ®^®  ^ 

cable  end  with  the  lanyard.  A  fail  safe  mode  is  ^  pull  on  the 
cable  which  would  require  a  sixteen  pound  pull.  The  cable  ena 
weighs  3.4  oz  and  has  a  one  inch  diameter  and  2.44  inches  overal 
length.  The  cable  has  an  adjustable  depth  setting,  but  is  not  self 
comoliant  to  a  stop  or  seat.  It  would  be  compliant  within  ±  .008 
inches  due  to  the  detent  design  which  would  compensate 
temperature  range,  but  would  require  a  gauge  setting  to  insure 
system  interchangeability. 

The  insertion  of  the  cable  end  is  done  by  placing  the  end  tip 
into  the  socket  rotating  to  orient  the  tip  with  a 

and  pushing  forward  to  a  hard  stop.  Releasing  the  cable  is 
accoi^lished  with  a  pull  on  the  lanyard  which  is  attached  to  the 
pilots  harness,  for  both  rapid  egress  and  ejection. 

The  mating  surfaces  would  be  coated  with  an 
material  to  prevent  crabbing  causing  an  increase  in  the  re 
force.  This  will  also  increase  the  pull  angle  for  releasing  th 

connector . 
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Section’ of 'the  cable  end  and  one  at  the  receiving  end  of  the 
at.  The  detents  are  cut  from  the  cylindrical  socket  with  a 
ial  inside  contour e  The  mating  surfaces  will  be  coated  with 
mtifriction  material  to  prevent  crabbing  thus  permitting 
ase  by  a  pull  anywhere  within  a  40®  cone  angle.  This  concept 
the  smallest  outside  diameter  and  lowest  weight  of  the  concepts 
Tho  nnnnector  can  be  made  to  have  enough  compliance  to 


e< 

gage  to  insure  interchangeaoiii-cy .  me  xneei-^xwi.  wf 
is  done  by  placing  the  end  tip  into  the  socket  an 


SW©  ©IMITSI  FILO®  WSSl  BMsSd  DlflM  “  ©OMOlFf  W 

This  is  a  slight  modification  of  the  Merlin  FOC  by  using  two 
diameters  to  retain  the  cable «  The  purpose  of  the  two  diameters 
is  to  improve  the  releasing  of  the  cable  from  it's  socket.  The 
mating  surfaces  will  be  coated  with  an  antifriction  material  to 
prevent  crabbing.  The  HUD  port  is  inclined  about  30®  to  the  rear, 
and  the  maximum  detent  force  would  require  a  9  pound  release  pull. 
The  cable  is  finished  with  two  flats  180°  apart  with  two  detent 
holes  one  in  each  flat.  The  flats  are  keyed  to  the  image 
orientation,  but  since  the  two  flats  are . identical  the  cable  can 
have  a  180°  incorrect  orientation.  This  can  be  resolved  with  a 
different  configuration  on  the  cable  end. 

The  cable  insertion  is  made  similar  to  previous  cables  except 
a  check  needs  to  be  made  to  insure  a  correct  image  orientation. 


to  being  damaged.  The  insertion 
the  hard  stop.  Released  can  be 
a  greater  than  90°  cone  angle. 


Fiber  optic  cable 


MECHANICAL  DETENT  LARGE  RELEASE 
ANGLE  COMPLIANT  FO.  CABLE 
CONCEPT  I 


This  concept  is  designed  to  interface  at  the  top  of  the  VSD 
rather  than  on  the  side.  This  location  permits  the  use  of  a  very 
short  FOC  to  the  NVG  HUD  port. 


The  connector  permits  the  FOC  to  remain  seated  against  it's 
stop  even  through  a  large  temperature  variation. 
surfaces  are  coated  with  a  coating  to  harden  and 
friction  of  these  surfaces.  The  release  angle  should  be  greater 
than  the  60®  cone  angle.  This  connector  could  be  the  disconnect 
point  in  the  case  of  loss  of  helmet,  which  would  eliminate  any 
flailing  of  the  cable  in  a  strong  wind  blast. 
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VSD  1  V5D  I  VSD  1  ’VSD  OR  I  NVG  NVG  NVG 


CHARACTERISTICS  A 

DISCONNECT  END  WEIGHT  8 

DISCONNECT  SIZE  8 

FORCE  TO  DISCONNECT  8 

COST  8 

DISCONNECT  RELEASE 

CONE  ANGLE  (RISK)  10 

MAINTAINABILITY  10 

MANUFACTURABILITY  7 

RELIABILITY  10 

PERFORMANCE  10 

PILOT  INTERFERENCE  7 

TECHNICAL  RISK  9 


*VSD  OR 

NVG 

E 

F 

NVG 

MERLIN 

10 

10 

9 

10 

10 

10 

9 

10 

TOTAL 

OUT  OF  110 


88  92  82  80 


The  chart  ranks  the  different  quick  disconnect  concepts  in 
order  to  select  one  optimum  configuration.  The  concepts  A,  B,  c, 
D  and  E  can  be  used  on  the  VSD  end  of  the  FOC,  while  concepts  F, 
G  and  H  are  tailored  to  interface  with  one  of  the  NVG  HUD  ports  at 
the  opposite  end  of  the  FOC.  Concept  I  was  formulated  later  for 
use  at  the  top  side  of  VSD  if  a  9%  inch  cable  was  used  and  not 
included  in  this  ranking  chart. 

Not  all  characteristics  are  of  equal  importance  so  it  is  easy 
to  bias  the  ranking;  however,  the  emphasis  was  applied  as 
objectively  as  possible.  For  example,  the  force  to  disconnect  is 
related  to  the  weight  and  effects  of  pilot  movement.  ^ 
port  end  this  force  is  also  related  to  the  wind  blast  effects  which 
may  not  be  attainable  within  the  guide  lines  of  8-16  pounds  of 
release  force.  Here  the  release  force  may  be  more  related  to  how 
the  cable  is  routed  to  minimize  the  exposed  cable  area. 
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1“^  CRT 


©  ! 


POWER  SUPPLY 


1- 


CRT  ELECTRONICS 


3.2  Proposed  Minaturized  VSD 

The  miniaturized  VSD  would  be  approximately  3  inches  wide  by 
5  75  inches  long  and  1.62  inches  thick.  The  weight  including  the 

connectors  is  about  1.4  pounds  5°^_^nds  for^oU? 

material.  This  is  compared  to  3x4x9  inches  and  5.5  pounds  for  o 

current  production  VSD. 

The  input  to  the  miniaturized  VSD  is  low  voltage  power  (28 
volts  at  3  watts  max)  and  a  video  signal  (±  1  volt) .  The  CRT 
voltages  are  produced  by  a  small  internal  power  supply,  a  . 
video  signal  is  processed  by  the  internal  electronic 
eliminates  the  need  for  a  high  voltage  disconnect  without  causing 
a  hazardous  electrical  disconnect® 

The  three  mounting  configuration  for  the  VSD  mounting  have 
been  shown  and  in  each  configuration  it  is  necessary  to  miniaturize 

ce  aircraft. 


4.0  Phase  II  Statement  of  work 

The  configuration  selected  for  Phase  II,  based  on  a  review  of 
Phase  I  and  guidance  by  the 

of  Wright  Laboratory  personnel  involved,  is  as  folio 

4.1  Video  Signal  Display  Unit  to  be  mounted  on  the  cockpit  seat. 

A  miniaturized  VSD  simulator  will  be  produced  for  Phase  II 
testing. 

4.2  The  Night  vision  Goggle  for  fiber  optic  cable  integration  will 
be  the  Eagle  Eye®. 

4.3  Three  quick  connect/ disconnect  units  will  be  required. 

4.3.1  An  electrical  QCD  for  power  and  video  signal  to  the  VSD. 

4.3.2  A  VSD  to  FOG  QCD  for  th®  video  signal  output. 

4.3.3  A  FOG  to  NVG  HUD  port  to  transfer  the  optical  signal  to 
the  pilot's  eye. 

This  configuration  is  illustrated  in  Figure  4-1. 

4 . 4  Cable  Routing 

The  Fiber  Optic  Cable  should  be  routed  in  a  manner  as  to  not 
restric?  tifpilofs  movement,  either  his  body  or  head  The  FOC 
sSuId  be  made  as  flexible  and  light  weight  Possxble  while 

nroviding  adequate  protection  for  the  integrity  of  ^he  glass 
fibers.  \  trade-off  matrix  of  FOC  constructions  should  be  made  to 
facilitate  the  selection  of  an  optimum  cable  design  for  this 
application. 

PROPOSED  QCD-RM  AND  SEAT  MOUNTED  VSD  CONFIGURATION 


N.V.  GOGGLE 


Figure  4-1 


QCD“KM"s  and  lab  tested,.  A  review  of  the  results  will  be  presented 
with  design  considerations  if  needed » 


A  quantity  of  ten  (10)  each  of  the  two  QCD=RM®s  will  be 
fabricated  and  lab  tested  similar  to  the  first  article  testo  For 
schedule  see  Figure  9=3 ^  9=4  and  9=8  summary  schedule  and  cost» 

So©  fasls  11 1;  Fifefsr  ©pti@  Cafel®  D©sigsic 


be  defined.  Concurrently,  an  optical  investigation  will  define  the 
true  pixel  count  required  to  produce  the  desired  image  format  and 
image  quality.  The  present  4mm  x  4mm  bundle  format  with  individual 
Bfj,  fibers  on  lOfj,  centers  will  be  the  baseline;  smaller  formats  and 


machine  a  suitable  optically  flat  surface  will  also  be  addressed. 
Fiber  breakage  near  the  nose  piece/cable  armor  int^face  is  al 
an  important ^issue.  FOC  fabricator  data  will  be  to  bound  the 

physical  and  optical  investigations  and  continuous 

dialogue  with  the  fabricators  will  ensure  that  the  latest  product 
alternatives  are  considered,  including  cost  impact. 

A  trade-off  matrix  will  be  generated  from  manufacturer's  and 
SRL  analytical  results,  evaluating  physical  vs.  ^ 

of  the  FOC  candidates.  Cost,  delivery  risk,  etc.  will  results 

into  the  final  evaluation  matrix.  A  summary  of  the  matrix  results 
will  be  prepared  with  a  recommendation  for  the  optimum 
piece  configuration  to  be  purchased  for  the  interface  Resting 
ohase  A  detailed  procurement  specification  will  be  written 
KbSeguent  to  Government  approval  of  all  roCs  of  choice  when 
funding  is  made  available  by  the  Government. 

7.0  Task  III/  Miniature  VSD  Paper  Design. 

A  paper  design  will  be  generated  for  a  miniaturized  VSD.  A 
brassboard  circuit  will  be  constructed  to  prove  design.  A 

miniature  VSD  simulator  will  be  designed  and  constructed  to 
in  the  testing  of  the  FOC  QCD's.  The  simulator  will  have  a  fixed 
target  of  soml  typical  HUD  display  and  an  adjustable 
to  simulate  the  VSD  brightness  range.  See  Figure  9-6  for  the  T 
III  schedule  and  9-8  for  the  summary  schedule  and  cost. 

8.0  Task  IV,  interface  Testing. 

A  bracket  will  be  designed  that  can  be  clamped  to  a  government 

selected  and  furnished  seat  structure.  The  s®®^  bracket 

be  altered.  The  VSD  simulator  will  be  fastened  to  the  bracket 
which  will  locate  the  VSD  in  the  proper  testing  location.  It  is 
assumed  that  this  can  be  done  in  a  ”>ock-up  or  even  it^an 

actual  cockpit  furnished  by  the  government.  It  is  also 
that  an  Eagle  Eye®  NVG  attached  to  a  flight  helmet  will  be  GEE. 
A  modification  to  the  HOD  port  of  the  Eagle  Eye®  will  be 

required  to  accommodate  the  QCD-RM.  This 
external  to  the  existing  HUD  port,  so  as  to  ^® 
testing.  Then,  with  the  help  of  a  pilot  with  a  standard  g 
suit  and  helmet  with  an  attached  Eagle  Eye®  ® 

fliaht  operation  of  connecting  and  disconnecting  of  the  FOC  QCD  s 
can  be  evaluated.  The  performance  of  the  QCD's  on  rapid  egress 
Sni  also  be  evaluated,  helmet  loss  due  to  wind  blast  will  have 
to  be  simulated  in  a  lab  experiment.  See 

schedule  and  9-8  for  the  summary  schedule  and  cost.  The  cost 
estimates  are  figured  fully  loaded  for  the  ROM. 
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©o@  Ptes©  II  Program  l®©offla©ateti©aSo 

Investigation  of  the  QCD=RM  design  in  Phase  I  clarified  the 
issues  which  should  be  addressed  in  Phase  II,  particularly  the  need 
to  miniaturize  the  FOC  and  electronic  components  within  the  HUD  VGG 
and  VSD  units o  An  overall  Phase  II  roadmap  was  presented  to  the 
Air  Force  to  illustrate  all  of  the  design  issues  identified  and 
suggest  a  time  phased  plan  for  their  accomplishment.  Figure  9“=1 
is  the  Phase  II  QCD-RM  development,  integration  and  test  roadmap 
including  the  required  design  option  inputs  from  AL/CFA, 
Conceptually,  the  roadmiap  breaks  down  four  specific  tasks: 

1  o  QCD"=RM  development 

2 ,  Electronic  design  of  miniaturized  electronics  and  FOC 

3  o  Test  aircraft  system  layout  and  integration 

4  o  Flight  test  investigation  of  mechanical  and  optical 

properties  of  the  OCD-PM  and  it's  related  system 
components , 

Tasks  1,  2  and  3  can  be  pursued  independently  to  a  certain  point, 
either  simultaneously  or  sequentially, 

AL/CFA  down  selected  a  subset  of  the  tasks  from  the  roadmap 
and  expanded  the  detail  in  their  recommended  effort.  Figure  9=2 
is  the  Air  Force's  selection  of  roadmap  tasks  which  have  been 
further  detailed,  estimated  for  labor  hours  and  schedule  and  ROM 
costed  (fully  loaded)  by  SRL,  FOC  design.  Task  II  in  Figure  9=2, 
X'jas  recognized  as  a  critical  path  item  for  successful  system 
accomplishment,  additionally  impacting  HUD  functionality,  man= 
machine  interface  and  QCD=RM  integration.  The  proposed  Phase  II 
program  detailed  in  the  following  sections  has  been  derived  from 
the  development,  integration  and  test  program  outlined  in  Figure 
9=2,  SRL  is  confident  that  all  of  the  technical  challenges  can  be 
met  in  the  time  and  ROM  cost  estimated. 
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PHASE  II  QCD/RWl  DEVELOPMENT,  INTEGRATION  AND  TEST  ROAD  MAP 


Figure  9-2 
42 


B 


PnOGRAIVl  DETAIL  SCHEDULE 


EVEWT  /^anticipated  ^ACTUAL 

LVLIMI  V  SLIPPAGE  ^SLIPPAC 


3. title  Quick  PCX:  Disconnect  4.  PREP,  DATE  5.  REVISION 

Interface  Testing  _ |SHT — OF 


Ascheduled  event  \z_A activity  vacompleted  event  OstTpRAcf^^  ❖slippage 


2.PnOJCCT  NO.  I  3. TITLE  Quick  F.O.C.  Disconnect  U.  PREP.  DATE  I G.  REVISION 

PHASE  II 


PnOGRAM  DETAIL  SCHEDULE 


APPENDIX  A 

FIBER  OPTIC  CABLE  CONSTRUCTION  AND  OPTICAL  RESOLUTION 

The  FOC  construction  of  the  presently  used  FOC  is  larger  and 
nni-  as  flexible  as  desired  for  this  application.  Figure  A1  shows 
the  construction  of  the  present  FOC  and  a  proposed  lighter  weight 
and  more  flexible  FOC. 

A  study  was  made  of  the  coupling  effects  for  FOC's. 

Photographs  ^of  the  resolution  re”^T  il  a 

illustrate  some  of  the  coupling  problems.  c-i-anriard 

photograph  of  the  exit  end  of  a  FOC  where  an  image  of  ^he  standard 

Air  Force  resolution  chart  at  unity  magnification  was  ^5 

tnSut  end  of  the  FOC.  The  5-4  elements  are 

represents  a  resolution  45  line  pairs  per  mm.  The  theoretical 
resolution  of  this  cable  is  50  Ip/mm  based  on  poc^sSd 

stjacina  which  would  be  5-5.  Figure  A3  is  set  up 

iS  Fiwre  A2  plus  another  cable  butted  to  the  output  end  of  the 

first  cable.  Then  a  photograph  was  ^  ^  or^32 

ea/-ionri  (-shle  The  limiting  resolution  in  this  photo  is  5  i  oy 

ip/mm  or  a  loss  of  approximately  13  Ip/mm  ^oitout ^o^I 

of  the  two  FOC's.  Figure  A4  is  he  inter  flee 

second  FOC  butted  to  the  first  with  mineral  oil  at  ^he  interface 

between  the  two  FOC's.  The  limiting  resolution  is  5-1  the  same  a 
iS  FiSire  A3.  There  may  be  some  intensity  difference  but  not  a 
noticeable  difference  in  resolution. 

Tt  annears  that  coupling  two  FOC's  in  a  mechanical  manner 

causes  a  considerable  loss  in  resolution.  With  a  ^^^®^  ^®P®^iiJJ 
•roiav  lens  a  smaller  loss  in  resolution  was  measured.  A  coupling 
fluid  did  not  appear  to  improve  the  resolution  although  the  index 
of  refraction  between  the  fiber  and  the  fluid  was  not  a  good  match. 
fbe?IS  ia??h  would  theoretically  help.  Figure  « 

Of  the  output  of  a  fiber  optic  taper  assembled  to  the  end  ^ 

The  limiting  resolution  is  5-3  or  40  Ip/mm.  This  is  only  5 

iLs  than  was  observed  on  the  straight  FOC.  .  J^®  .■^®P®^he^haPe?  has 
magnification  of  the  end  of  the  FOC.  The  exit  end  of  ^he  taper  has 
approximately  8y  diameter  fibers  so  the  end  butted  to  ^®^ 

cSble  output  would  have  approximately  2.67v  diameter  fibers^ 
Statistically  there  should  be  three  taper  fibers  ^9^ 

fiber  however  they  never  align  themselves  that  well*  This 
co^iAat1.or  Ihows  Lch  less  loss  than  the  two  cables  butted 
together.  Figure  A6  has  one  FOC  set  up  as  in  Figure  A2  Plns  a  lens 
to  give  3:1  magnification  in  place  of  the  fiber  taper.  .  . 

had  a  limiting  resolution  of  5-3  or  40  Ip/mm.  Figure 
lllal  at  the  exit  end  of  the  FOC.  The  input  is  an  image  of  a 
resolution  chart  relayed  by  a  I6mm  focal  length  lens  on  the 
entrance  end  of  the  FOC. 
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0.35"  -  0,36"  MAXIMUM 
OUTSIDE  DIAMETEI1 
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Resolution  chart  inaqc^d  on  c^nd  of  Itilxn"  ()f>t  io  table. 
A  second  Idixro  ()]')tic  Cable  butted  to  c^xit  end  ol  i  ir 
cable.  Photo  of  exit  end  of  second  cable. 
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Figure  A5 
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Figure  A6 
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